prevent undesirable taste and discoloration. In the USSR, the recommended
maximum oermissible concentration of KHnO4 s G.1 mg/% (as Mn). The
recommendatlion 15 Intended to prevent the discoloration of water by manga-
nese (Shigan and Vitvitskaya, 1971).

fFor marine waters, the U.S. tPA (1976) has recommended a criterion for
manganese of 0.1 ma/% for the pratectisn of consumers of marine mollusks.
Although the rationale for this criterion is not derailed, tt is cartialiy
based on the observation that manganese can bloaccumulate by “factors as
high as 12,000" n ma-ine mollusks.
3.2,  SUNMARY OF TOXICITY

Manganese 1s an essential element for humans and animals. The concen-
tration of manganese present in Individual tissues, particularly in the
blood, 1s controlled after 1ingestion by homeastatic mechanisms dand remains
remarkably constant 1in spite of rapid fluctuattons 1in intake (thz1as,
1958). The aain routes of absorption are the gastrointestinal and respira-
tory tracts. Acute nolsoning by manganese may occur in exceptional circum-
stances where large amounts of manganese compounds are ingested or inhaled.
freshly formed manganese oxide fumes of respirable particle size can cause
metal fume fever but are not belleved to cause permanent damage (Piscator,
1676). The nost pronounced toxic effects of manganese are a CNS syndrome
known as chronic manganese poisoning (manganism) and manganese pneumonitis.

The adverse effect on the CNS begsns‘ with a psychiatric disturbance
followed by a neurologic phase resembling Parkinson's disease. Manganism
has been well described in the 1iterature with cliinical details for case
clusters (Flinn et al., 1940; Penalver, 1955; Rodier, 1955; Chandra et atl.,
1974). Cotzlas (1962} described three phases -- a prodromal phase with

insidious onset including psychiatric disturbances, the extrapyramidal
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disease with symptoms of awkward speech and loss of skilled movement, and
typlcal manganism with severe rigidﬁty,'tremor, ard ‘nappropriate emotional
reactions.

Hanganism has been reporied in workers 1in ore crushing and packing
mills, in the production of ferrecalloys, In the use of manganese alloys in
the steel industry and in the manufacture of dry cell batteries a.d welding
rods. Very high concentrations of manganese have been tound in mines where
cases of manganism were reported. The manganese air concentration in ‘ihe

3 in

immediate vicinity of rock drilling in Moroccan mines was ~450 ma/m
one mine and ~250 mg/m3 in another (Rodier, 1955). In two reports from
Chilean mines {Ansola et al., 1944a,b; Schuler et al., 1957} the alr concen-
trattons of manganese varled from 62.5-250 mg/m3 and from 0.5-46 mg/mz,
respectively.

In ferromanganesa factorltes, neurclogical and psychic disturbances indi-
cating manganese polsoning have been observed at manganese levels as 19w as
2-5 mg/m3 of air (Suzukl et al., 19733,b}). '

While manganism and ts assoclation with manganese has been well
descrided, a dose-response relationship in man cannot be evaluated because
duration of exposure 1s aot well documented. Also, early signs of the
disease were sought in only a few studies {Saric et al., 1977; Tanaka and
Lieben, 1969), and none of {he reported studies employed a standard cohort
design (e.g., there was no follow-up or comprehensive characterization of
the exposed populations).

A high 1ncidence.of pneumonta and other respiratory allments has been
reported in workers with occupational exposure to manganese (Baader, 1937;
Lloyd-Davies, 1946; Rodier, 195S5; Saric, 1978) and in inhabitants 1iving

around factories manufacturing ferromanganese or manganese alloys (£lstad,
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1€39; - Suzukl, 1970). The increased incidence of pulmonary disease found 1in
oxposure to low concentrations of manganese s not‘ necessartly directly
attributable to marganese itself. Manganese exnposure may increase suscept)-
biiity to pneumonia cor other acute respiratory diseases by disturbing the
normal mechanism of luny clearanc2. Some investigators have suggested that
long-term exposur2 to manganese may contribute to the development of chronic
lung disease (Saric and Luc'c-Palaic, 1977), but there 1s 1ittle data to
demonstrate this conclusively, particularly at ambient levels.

Effects on the cardiovascular system include reports of decreased
systolic blood pressure in humans occupationally exposed via inhalation
(Saric and Hrustic, 1975). This symptom was also shown to occur experiment-
ally in orally exposed rats (Kimura et al., 19.. . Reports about the
effects of manganese on human blood and hemoglobin show conflicting resuits
that have not been resolved by animal studles. The ctudies are difficult to
compare because of var.ations in exposure and in the severity of the effect.

There have been reports of impotence in a'majority of warkers affected
by manganese (Chandra et al., 1974; fmara et al., 1271; QJodier, 1955;
Penalver, 19553, Theie Ys some experimental evidence of reproductive
effects in laboratory animals. Degenerative changes In the testes of rats
have geen praduced by excessive levels of mangcncse administered by multiple
intraperitoneal injections {(Chandra, 1971; Singh et al., 1974, 1975; Chandra
et al., 1979; Tandon et al., 1975; Shukla and Chandra, 1977) and by single
intratracheal 1injections 1in rabbits (Chandra et al., 1973a). Chronic
dletary exposure to manganese has caused decreased organ weight for the
preputial gland, seminal vesicle and testis in mice {Gray and Laskey, 1980},

and decreased serum testosterone levels and reduced pregnancy percentage in

rats (Laskey et al., 1982).
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¥anganese dichloride increased the incidence of lymphosarcomas in 0BAN
mice fallewing twice weekly subcutaneous or intraperitoneal injections for 6
months ()iPaolo, 1964}, and elicited slightly elevated tumor incidence in a
ctrain A mouse lung tumor bloassay (Stoner et al., 1976). Single or repeat-
ed intramuscular injections of Mn02 or manganese powder did not result in
increased incidences <f lymphosargomAS. leukemias or local sarcomas in
atiher sex of F344 rats cr female Swiss mice. However, repeated intramuscu-
lar injections of an organomanganese compound, MAA, elicited statistically
significant increases In injection site tumors 1n both sexes of F344 rats
(Furst, 1978). Oral administration of manganese powder for 12 mo&ths twice
monthiy did not induce lymphomas and/or leukemias or fibromas in either sex
of F344 rats (Furst, 1978). Although the results of the studies with diva-
lent manganese are suggestive of carcinogenic activity, non-natural routes
of administration were employed.

Some reported animal studies imply a carcinogenic potential for manga-
nese, but the data are 1ﬁadequate to support this conclusion (i.e., local
injection site sarcomas in F344 rats, a marginal response in Strain A mice,
and inadequate data in the experiment with 08A/1 mice). No epldemiologic
information relating manganese exposure to cancer occurrence in humans has
bean located. Using IARC criteria (IARC, 1980), the available evidence for
manganese carcinogenicity would be rated inadequate for animals and "no data
avatlable® for humans {(Group 3). Consequently, the documented toxic effects
are of more practical concern.

9.3. SPECIAL GROUPS AT RISK
Several researchers have mentioned the marked differences in individual

susceptibility to inhaled mdnganese (Rodier, 1955; Penalver, 1955; Cotzias,
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1353). They speculated :hat this may have been caused by alccholism, syphi-
115, carbon monoxide, lisions of the excretory system, or the physiolegical
or pathological condition of the respiratory tract. While 1t s reasonable
to assume that an Individual with an impatred ability to clear inhaled
manganese or tc excrete absorbed manganese would be at Increased risk of
adverse effects, no studies exist to confirm this.

Experimental studies suggest that populations at greatest risk of
adverse effects due to manganese exposure are the very young and those with
fron deficlency. The eviyence for increased absorption and retention of
manganese occurring in iron deficliency was shown in an inhalaticn study in
humans (Mena et al., 1909, 1974), dietary studies in humans (Thomson et al.,
1971}, and ingestion studies in experimental animals (Rehnberg et al., 1982;
Kostial et al., 1980).

Ingestion studies give useful informatlon on the effects of inhalation
exposures hHecause most inhaled manganese 1s cleared to the gastrointestinal
tract. The early necnatal pertfod may be critical for metal accumulation
because the very young also have an Increased v\nfestinal absorption and
retention of manganese. This has been demonstrated in preweaniing mice and
rats (Kostial et al., 1978; Rehnberg et al., 1980) and in infants (Mena et
al., 1974). High retention of hanganese in the tissues, particularly the
Tiver ana brain, 3s associated with the limited excretion of manganese in
the preweaniing rat (Miller et al.. 1975).

Kostial et al. (1978) report that oral toxicity measured by LD

50
values 1s greater in very young (2 weeks) as well as old (54 weeks) rats,

but nol as high as expected based on the rate of 1intestinal absorption.
Although the neonate has not been shown to have increased sensitivity to

metals, the early accumulation of manganese must be considered as an

additional risk factor.
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Another populaticn at high risk s workers exposed to mangarese at o~
near the ?econmended TLY. Because neurological symptoms have been reported
at concantrations below this Timit, the YLV of 5 r*.;/m3 has a low rargin of
safety.

9.4, EFFECTS OF MAJOR CONCERN AMD EXPOSURE/RESPONSE INFORMATION

9.4.1. Effacts of Major Concern. The key health effects of manganese are
in the CNS aﬁd the Jungs. The effect on the CNS, manganism, 1s irreversibie
and severely incapacitating although not directly assoctated with lethality.
The pulmonary effects reported at levels below 1 mg/m3 are for the most
part reversible but can 1imiv function or 1Iimpose disability such as
Yncreased wheezing, brenchitis, or increiased susceptibility to respiratosy
11iness. The lowest reported exposure levels associated with l1ife threaten-
ing dlseases such as pneumonia h“ave been similar to ranges assoclated with

chronic manganese poisoning, 0.3 and up for brain effects.

Several endpo'nts <cuggested as effects from exposur2 to manganese are

nonspecific, tnconclusive or l1ack documentacion in humans, such as degenera-

tive changes 'n the testes, or decreased blnod pressure. Sexual dysfunction
has often been reported as an early effect of manganism at levels assoclated
with other effects on the CNS.

9.4.2. Exposure/Response Informatien. Tables 6-1 and 6-3 show that human
exposure to levels below 5 mg/m3 has been assoclated with adverse effects
to the CNS. These effacts are elther advanced manganism or a constellaticn
of signs indicative of early stages of the disease (Suzuk! et al., 197%a;
Chandra et al., 1981). There 15 some evidence suggesting that exposure to
levels bhelow 1 mg/m3 1s assoclated with nonspecific symptoms which are
common in early manganism and with abnormal neurological findings. However,
in studies at these levels the findings reported could not be definitively

attributed to manganese exposure (Saric et al., 1977; Chandra et al., 1981}.
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Studies of respiratory effects 1n humans (summarized in Tahle 6-8) show
palmonary system adverse effects at levels below ! mg/ma. Schoolichildren
expcsed to manganesc emissions estimated at ~3-11 ug/m3 from a ferro-
manganese plant developed an 1increase in respiratory symptoms compared with
controls such as sore throat, wheezing and sputum on aris;ing (Nsgasa et al.,
1973). Saric and Lucic-Palaic (1977) rerorted increased chronic bronchitis

3 but the results at ambient 1levels

in workers exposed to 0.4-16 mg/m
<} mg/m3 {Sartc et al., 1975) were 1inconclusive because no exposure-
response relationship was seen and confounding factors were not controlled.

There are many pulmonary endpoints that vary according to level of
exposure. Although exposure ranges are so broad that the exposure/response
relationship 1is sometimes masked, a continuum of effects has been observed
which qualitatively supports the pulmonary endpoint. Pulmonary effects
reported and suvpported include preumonia (Elstad, 1939; Lloyd-Davies, 1946;
Wassermann and Mihail, 1961), chronic bronchitls (Lloyd-Davies, 1946; Saric
and Lucic-Palatc, 1977), .adiographic changes and fibrosis (Wasscrmann and
Mihatl, 1961) and airways disabiiity (Nogawa et al., 1973).

Animal -tudles also qualitatively support the association between
pulmonary effects and manganese exposure. Table 9-1 summarizes the animal
studies of the adverse effects of manganese 1inhalation. Pathological
changes and decreased resistance to infection occur i1n a varilety of specles
at levels above 0.7 mg/m3. Inflammatory reactions and decreased resist-
ance to infection have been observed in mice {Matgetter et al., 1376; Adkins
et al., 1980c). Nishiyama et al. (1975) report pulmonary cungestion an:?
inflamatory changes 1in mice and monkeys after S months exposure to 3
mg/m3 and less severe changes at 0.7 mg/ma. Suzuk) et al. (1978) de-

scribe radiologlic changes after 10 months of exposure to 3 and G.7 mg/m3.
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mortality rate

with bactertal chalienge

1376

3 TABLE 9-1
Studies of Manganese Inhalation in Animals -- Summary of Effect Levels
Species Duration Concentration System Effects® Reference
s (mg/m3) txamined
g
3
Mn0)
] Mouse 14 days 0.7 puliaonary pulmonary changes Nishiyama et ail.,
! ‘ 1975
Monkey 5 months 0.1 pulmonary pulmonary changes Nishivama et al.,
w 1375
© Monkey 10 months 0.1 pulmonary inflammatory and Suzuki et al.,
radiographic changes 12
; Mouse 14 days 3.0 pulaonary reversible inflammatory Nishiyama et al.,
] changes 1975
ﬂ Monkey S months 3.0 pulmonary congestion Nishiyama et al.,
4 1915
ﬂ Monkey 10 months 3.0 pulmonary inflammatory and Suzukl et al.,
3 radtiographic changes 1978
’ Guinea pig 1 day 22 pulmonary inflammatory reaction Bergstrdm, 19177
with bacterial challenge
House 1-4 days 109 pulmonary; increased mortality Maigetter et al.,

o




TABLE 9-1 (cont.)

Specles Ouration Concentrattion System Effects* Reference
(mg/m3) Examined
Mn304
Monkey 15 months 0.10 pulmonary none observed Coulston andg
neurologic Griffin, 1917
Rat, monkey 9 months 1.1 pulmonary none observed Ulrich, 1979¢
neurologic
Rat, monkey 9 months 0.1 pulmonary none observed Ulrich, 1979c
neuroiogtc
Rat 2 months 0.12 pulmonary none observed Moore et al.,
+ engine exhaust 1975
Hamster 2 months 0.12 pulmonary none observed Moore et al.,
1975
Mouse 2 hours '0.89 pulmonary none observed Adk'ns et al.,
1980a
Mouse 2 hours 0.22-2.66 mortality rate fncreases in rate Adkinc et al.,
+ bacteria : 1980¢

*These results are described in greater detatl in Chapter & and in Table 6-10.
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Table 9-1 summarizes several studles wnich report no gross or microscop'c
changes cfter exposure to ~0.1 mg/m3 Hn304.

Thus, the animal data qualiiatively support 4 range of respiratory
eftects assoclated with exposure to manqanese. Human data qualitatively
describe such effects but have limited exnosure/response infurmatton becauﬁe

exposure ranges are broad, cohorts are not followed for iong time periods,

and duratlon of expcsure 1s wunreported or varlable within a study popula-

tion.

The mechanisms for loxic effects other thdn carcinogenicity are consis-
tent with 'the concept of a threshold. The conventional approech toward
determining the threshold for noncarclinogenic toxlcity 1s to bracket 't by
identifying the highest level at which no adverce effrcts are observed
(NOFL) and tne lowest level &t which adverse effects are observeu (! OAEL).
Therefora, the health effects assessmont for manganese, considering the dats
available, focuses on the highest NOELs in humans or on the LOAtL 35 avall-
able. These data can be supportod by animal data by estimating human équ!v-
alent exposures frecm antmal exposure/effect levels.

§.5.  HEALTH HAZARD EVALUATION

9.5.1. Critical ilfact and Efiect levels. The critical effect 1s that
adverse health effect which accurs at the lowest level of exposure. In
order to Ydentify the critical effect, the highest no-observed-effect-level
(NOEL) and the lowest-observed-adverse-effect-level (LOAEL) for relevant
toxic effects <re ‘dentifled and compared. Qualitativ results and dose/
response data from experimentat dnimals are compared with levels based on
human experience. Studles 1n humans report effects on the respiratory symp-

toms at levels below 1 mg/m3 whereas studles of effects on the CNS below

this level are equ\vocd] or negative. Two studles give exposure-response’
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informgtion an erans fur o ore iat Teet L, Yeowd et al. (1973) repert-
ol g UL a7 L ran ) S swums in schooichildren exposed
oo dhL Y Hn.‘ﬁ coenryecs oty e ryom a ferromanganese plant.  This

¢ Voot oYL o T o» L0 tart and Cucte Patatc (19771) report an Yncreased
nroevdscnce w0 Gore e bronchitls in workers exposed 1o 0.4-16 mg/m3;
however, prevalence of chronic brorchitls in a group of workers exposed to
0.005-0.C4 mg/m3 did .ot differ from coﬁtrols, fhese results do not
rontradict the results of iogawa because 1) children may he 2xpected to be
more sensitive than male workers, and 2) the latter study nad tess statisti-
cal nower berduse fewer subjects were involved.

NCfL< couid be derived from severa’ studies reported In Jlaboratory
animals exposed to manganese cxides consisting largely of particles in the
alveolar fraction (<2 um, see Section 3 %.4.1.). These studies are
summarized in Tablec 6-1C and 3-1. Faciar< which compreomise the use of
these studied for NOELs are described below. |

Coulston and Griffin (1.17) did not perform tests :5 lung runction, did
not glve details of the pathologicatl examination :nd reporteg acariasis and
associated pulmonary complications in a majority (8/12) of the animals
studied. Mocre et al. (1975) reporied no gross or microscopic abnormalt-
ties; however, they nbserved the animals for only € hours/sday and for only
56 days. Uirich et a1  {1979a,b,c) exposed rats and squ?frel monkeys ‘o
three levels of manganese and a control for 9 months. Pulmonary function
tests were performed only on the monkeys. This study also had deficiencies
which reduced confidence in the range of regative findings reported. Due to
the small group size of the monkeys (4 males and 4 females) and the large
within group var‘tability, 1t lacked sufficient statistical power to detect

any but the largest changes in the parameters measured. The varslablilty
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could have been educed by using mure appropriate statistical analysis to
cortrol for within group variation. The description of lung pathology was
inadequate. Negative resul's were reported at 1.15 mg/mj; houever, Suzukl
et al. (1978) reported pathologic ciinges in the lungs of rhesus monkeys
exposed to 1700 ug/m3 of HnG2 for 10 months. Eased on these data, the
next highest NOEL reported by Ulrich et al. (1979a,b,c) was 0.113 mg/mg.
However, the repeated reports of the absence of gross ang nicrnscen's
abnormalities at a similar level (0.1 mg/m3) sugzest tiat fh.s Tevel mey
be close to a threshold.

These data do nct exclude the possibility that more subtie toxic effects
an the lungs may occur at ~0.1 mg/ms. tEffects do occur at 0.7 mg/m3.
In order to compare the reported NOEL (0.1 mg/ma) and the LOAEL (0.7
mg/ma) to stmilar data in humans, 1t would be helpful to osiimate a human

intake equivalent to that of the experimental antmals. The suggested

approach s provided in the Appendix.
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APPEDIX
ESTIHATING HUMAN EQUIVALEWT INTAKE LEVELS FROM AMIMAL STUDIES
TERMINOLOGY AND APPROACH
The quantitative evaluation of potential health hazards for aoncarcino-
genic toxicants Vs based upon estimates of the threshold exposure level for
the critical effect. Exposure levels for each study are evaluated as
follows:

HOEL No-Observed-Effect Level: That exposure level at which there are no
statistically significant Increases 1in frequency or severity of
effects between the exposed population and its appropriate control.

NOAEL No-Observed-Adverse-iffact Level: That exposure level at which
there are no statistically significant increases In frequency or
severity or adverse effects between the exposed population and its

appropriate control. Effects are produced at this level, but they
are not consldered to be adverse.

LOAZL  Llowest-Observed-Adverse-Effect Level: The lowest exposure leval 1in
a study or group of studies which produces statistically significant
Increases in frequency or severity of adverse effects betweea the
exposed population and its appropriate control.

FEL rrank-Effect Level: That exposure level which produces unmistakable
- adverse effects, ranging from reversible histopathological damage to
irreversible functional impatrment or mortality, at a statisticaily

significant 1increase 1In frequency or severity between an exposed
population and 1ts aopropriate control.

The threshold estimate is bracketed by the highest NOEL and the LOAEL. Tfhe
values for the NOELs and LOAEL depend on which health effect is considered.
ihe estimate of the human threr10ld level 1s more uncertaln 1f based on data
for animals rather than for ! ;mans since there 1s presently limited informa-
tion on species differences regarding toxic rec<ponses. Hevertheless, given
Timited dose-response data for humans 1t is recessary to extrapolate from
the animal data. |

Human equivalent intake rate (HEI) is defined here as the exposure leve)

esitimated from animal data which would cause the same health effect 1In

humans \f continued over the same fraction of lifespan as used In the anima)
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study. The conversion for ranganese assumes that 1f the ratlo ({exposure
level)/(body surface area) i1s the same in humans as in the animal study,
then effects of the same severity will occur.
CRITICAL EFFECTS AHD ESTIMATED EFFECT LEVELS

The lcuest exposure level for humans assoclaied with adverse effects !s
an estimated LOAEL of 3-11 ug/m3 {based on emisslons from a ferromanga-
nese plant) for respiratory effects in children reported by Nogawa et'al.
(1973). Compurison among studies of respiratory effects in laboratory
animals (surmarized in Table 9-1) shows ithat Ulrich et al. (197%9a,b,c}) and

Suzukt et al. (1978) uti.ized the longest exposure periods at exposure
concentrations ~100 vg/ma. Although there are shortcomings 1in each
study (see Section 9.5.) the repeated observations suggest that this level
may be close to the threshold. Therefore, these studies were selected for

these risk assessment calculations. The HEI Vs estimated from the data from

experimental animals by the following:

2/3
HEI = CA x Df x Br x(%)
3

where CA = concentration in air in the animal study in ug/day
DE = fraction of day experimental animals were exposed
Br = volume of air breathed per day in m3

“a = body weight of the experimental animal in kg

This conversion 1s based on the following assumptions:

1. Agents that are In the form of particulate matter are expected
to be absorbed and retained proportional to the breathing rate.

2. The fraction retained is approximately the same for all species.

3. The conversion from animals to humans based on exposure level
per body surface area more accurately reflects differences
among species than does a mg/kg body weight conversion (Rall,
1969). The surface area ratio s well approximated by the body
welght ratio to the 2/3 power (Calabrese, 1983).

A-2
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The estimation of HEI 1s based on intake by inhalation of manqgarese in
excess of dietary intake of thls essential element because all studlies used
here were so designed. Also, a sufficlent oral Intake and strong homeosiat-
ic control can be assumed so tha! excess exposure \s appropriate. lnhala-
tion siludies should be used since the critical effect is route specific.

The esthy-ated HE] {In mg/day) 1s converted to a human equivalent expo-
sure level (HEEL) by dividing by the average dally human respiratory race of
20 m3/day. A1l calculations are summarized in Table A-1.

In the studies considered here 0, equals 1. Therefore, for rhesus

monkeys in the study by Suzuki et al. (1978)

CA x Br x (19—39)2/3
Wa

HEI

i

2/3
700 wg/m3 x 1.4 m3/day x (%ngf_)
<3 kg

7293 ug/day.

The HEEL obtained by dividing by the dally respiratory vo]ume.(20 m3/day)
Is 365 ,g/ma. Note that 'his HEEL is based on a LOAEL and thus may be
ahove the human threshold level.

Stmilar caiculations using data on rats from Yirich et al. (1979a,b,c)
(W, = 0.35 kg, Br =0.26 m3/day. and CA = 112 ng/m3) result in a
Heil of 5) ug/ma. fFor the VUlrich et al. (1979a,b,c) data on squirre)

monkeys (Ha = 0.72 kg, B8r =0.72 ma/day, arnd C 113 ug/mj) the

AC
AEEL 1s 87 ug/ma.

These results, shown in Table A-1, can be compared with the data from
Nogawa et al. (1973} on children who had an astimated LOAEL of 3-1)
ug/ms. The data obt3ined from human data ts, of course, cruclal for

pudiic health decision making. This level might be expected to be lower

than the animal level for the following reasons: 1) the studies on animals

A-3
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Animal Intake Level {ytimated Human Intake level Fiulvdalent Exposure Adjusted
Species Response Level txposure Level (HEL.) HEfL S
(ug/m3) wy/day uqg/kg/day ugsday ug/kg/dcy (ug/m3)
Rat reported NOfLD 13 29 84 1022 1% Y 5
- .
Squirrel monkey reported NOLLD na 81 13 1740 25 87 8.1
Rhesus monkey LOAEL 100 980 280 7293 104 365 36.5

TABLE A-1

Exposure Effect Information fur Health Hazard Evaluation: Human tquivalent Exposure L-vels Esthing. . d from Antma) Datd

{stimdced Human

Reference

Ulrich et al.,
19719a.,b,¢

Ulrich et at'.,
19794, b, ¢

Suruky 2t alt.,
1918

dine estimated HIEL Vs adjusted by dividing by an uncertainty factor of 10

the sensitive individual.

to compensate for

the hetervyenelty in human populations and

Dinese NOELs are used to compdre human and dnimal data desp:.te some limitdtions which exist Yn the study. Sce text for turther discussiun.

thercby protect
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have flaws resulting 1In wuncertainty as t. whether adverse effects are

missed; 2) certain endpoints studied in humans cannot be ascertained as wel)

Y
In animal studies and are 1likely to be overlooked; and 3) children are a v
sensitive group. A better comparison beiwcen animal and human data s
obtained by dividing the HEEL by 10 to compensate for the heterogeneity in
the human popula.‘on and to better protect the sensitive individual (Dourson
and Stara, 1983). The range of adjusted HEELs from the animal NOELs and the
LOAEL s 5-07 pg/ms. and supports the human LOAEL of 3-1 ug/m3
observed ir a sensitive population.
Pl
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EXECUTIVE SUMMARY

The use of ceramic particulate traps, in conjunction
with manganese fuel additives, has been viewed as a way to
reduce emissions of particulate matter from diesel-fueled
vehicles. This report focuses on the potential health
effects from increased public exposure to manganese emissions

from such a use.

Manganese is the 12th most abundant element on earth.
Ambient levels of manganese rarely exceed 0.1 ug/m3.
Manganese is classified as an essential element for physi-
ologic functions. Average daily intake of manganese, which
is mostly from food, is about 3 to 4 mg/day (range 2 to 9
mg/day) . Homeostatic mechanisms (primarily by regulation of
intestinal absorption and biliary excretion) maintain the

body burden of manganese between 12 and 20 mg.

The health effects of major concern from manganese
exposure are neurotoxic and respiratory. Numerous studies,
mostly in occupational groups exposed to very high levels of
manganese (in the mg/m3 range), have demonstrated that
prolonged exposure to relatively high levels of manganese
leads to manganism (a Parkinson-disease like syndrome) and
other symptoms of central nervous system toxicity, as well as
to pheumbnitis, bronchitis, and increased susceptibility to
pulmonary infections. Pulmonary effects of manganese have
been observed to occur at lower levels of exposure than
neurotoxic effects.

The health effects of exposure to low levels of

manganese have not been well characterized. An epidemiologic




